The skin constantly self-renews throughout adult life. Wnt/β-catenin signaling plays a key 21 role in promoting keratinocyte proliferation in the hair follicles and in the interfollicular 22 epidermis. A recent report demonstrated that epidermal YAP activity drives β-catenin 23 activation to promote keratinocyte proliferation in the murine skin. However, it remains 24 unclear whether this is caused by paracrine activation of canonical Wnt signaling or through 25 other YAP/β-catenin regulatory interactions. In the present study, we found that XAV939-26 inhibition of canonical WNT signaling in skin of YAP2-5SA-ΔC mice resulted in diminished 27 β-catenin activation, reduced keratinocyte proliferation, and a mitigation of the hyperplastic 28 abnormalities in the interfollicular epidermis, signifying a canonical WNT ligand-dependent 29 mechanism. Our subsequent analyses determined that WNT16 is produced in response to 30 YAP activity in keratinocytes both in vitro and in vivo, and that WNT16 drives HaCaT 31 keratinocyte proliferation via canonical WNT16/β-catenin signaling. We conclude that under 32 normal physiological conditions WNT16 is the paracrine WNT ligand secreted in response to 33 epidermal YAP activity that promotes cell proliferation in the interfollicular epidermis. This 34 study delineates a fundamental YAP-driven mechanism that controls normal skin 35 regeneration, and that may be perturbed in human regenerative disease displaying increased 36 YAP and WNT signaling activity. 37 KEYWORDS 38 YAP, WNT signaling, epidermis, regeneration.
INTRODUCTION
The skin is a unique organ characterized by its continuous regeneration. In order to maintain 42 normal skin homeostasis, epidermal stem/progenitor cell proliferation must be tightly 7 pDsRed Monomer C1-YAP2-S127A mutant (Addgene, 19058) and pDsRed Monomer vector 136 control DNA were used. WNT16 overexpression was carried out using pcDNA3.2-WNT16-137 V5 (Addgene, 35942) and pcDNA3.2 vector control. YAP knockdown was performed using 138 MISSION® Universal and YAP siRNA (Sigma). WNT16 knockdown was performed using 139 MISSION® GFP and WNT16 esiRNA (Sigma). MTT assays were performed using Thiazolyl 140 Blue Tetrazolium Bromide (Sigma). Immunostaining assays were performed following 141 standard protocols. Antibody information is available in Table S1 . Imaging was performed 142 using an Olympus FluoView™ FV1200 Confocal Microscope. 152 We recently established that epidermal YAP activity promotes β-catenin activity to drive 153 keratinocyte proliferation in the mouse skin in vivo (Akladios, Mendoza-Reinoso, et al., 154 2017). However, it remains unclear whether these interactions are mediated by paracrine 155 activation of canonical Wnt signaling, or by other YAP/β-catenin regulatory interactions. 156 Firstly, we assessed whether these were caused by activation of canonical Wnt/β-catenin 157 signaling activity. To do so, we used YAP2-5SA-ΔC mice, which display increased 158 epidermal YAP activity, increased β-catenin activity, and severe hyperplasia of the basal 159 layer due to increased keratinocyte proliferation. Furthermore, the skin of these mice also Next, we wanted to identify which WNT ligands are responsible for driving WNT/β-catenin 181 signaling in response to epidermal YAP activity to promote keratinocyte proliferation.
182
Transcriptomics approaches found that Wnt3, Wnt3a, Wnt4, Wnt6, Wnt7A, Wnt7B, Wnt10A, promoting keratinocyte proliferation may be explained by the fact that keratinocytes were 304 already in a highly proliferative state and were unable to be induced even further. We also 305 found that WNT16 overexpression did not result in β-catenin activation in HaCaT 306 keratinocytes. Rather, it resulted in reduced β-catenin activation in these cells (Figure 5b) . 307 Nevertheless, we also showed that inhibition of endogenous WNT16 expression in HaCaT 308 keratinocytes by siRNAs resulted in decreased canonical Wnt signaling and β-catenin 309 activity, and reduced cell proliferation, demonstrating that WNT16 can also promote 310 canonical Wnt signaling to drive keratinocyte proliferation. These seemingly contradictory 311 observations may be explained by a recent publication, which proposed that WNT16 will 312 counteract canonical WNT signaling in the presence of excessive levels of WNT ligands 313 (Nalesso et al., 2017) . Since in our RNA interference studies, we repressed endogenous levels 314 of WNT16 expression, we propose that under normal physiological conditions WNT16 will 315 act as a canonical WNT ligand to promote keratinocyte proliferation (Figure 5a ).
316
In contrast, WNT16 protein expression was mildly elevated due to increased YAP activity in 317 the YAPS127A-transfected HaCaT keratinocytes (Figure 3e-f ) and in the YAP2-5SA-ΔC 318 epidermis (Figure 2d-h ). Since we also detected concurrent activation of canonical WNT 319 signaling, we conclude that the WNT16 expression levels induced by YAP in these systems 320 drive cell proliferation, but are apparently not high enough to lead to repression of canonical 321 WNT signaling through this recently reported counteracting mechanism (Nalesso et al., activation of canonical WNT signaling. In our study, we established that YAP activity promotes WNT16 expression in epidermal regeneration, revealing that YAP may be able to 341 control its own activity by promoting the dissociation of the β-catenin destruction complex.
342
Our work may therefore reveal yet another level of regulatory interactions between YAP and 343 β-catenin in stem cell control during tissue homeostasis, but does not exclude that these 344 proteins may also undergo additional regulatory interactions to control epidermal 345 stem/progenitor cell proliferation, for instance similar to those that were previously reported Otago) for critically reading our manuscript drafts. We thank the ABR (Garvan) and BRC 366 (UNSW Sydney) for support with animal experimentation. We thank the BMIF (UNSW 
